Abstract-Service selection has become a key step for crossorganizational collaboration in service-oriented practices and gained ever-increasing attention in both academic and industrial domains. However, the organizations involved may hold different types of evaluation scores, e.g., crisp number, value range and fuzzy linguistic terms. Besides, for the scores of fuzzy linguistic terms, different organizations may hold various evaluation granularities to meet their personalized preferences, which further increase the difficulties for unified service evaluation. So it is a great challenge to take these aspects into consideration for cross-organizational service selection. In view of this challenge, a comprehensive evaluation method named CRML (Crisp number-value Range-Multiple granularities Linguistic terms, CRML) is put forward in this paper. First, the scores of various evaluation types are unified into a form of trapezoidal fuzzy numbers. Second, a classic TOPSIS method is employed to rank all the candidate services for cross-organizational service selection. Finally, a case study is brought forth to validate the feasibility of our proposal.
INTRODUCTION
The emergence of web service has provided a promising way for resource reuse and flexible integration, according to the SOA (service-oriented architecture, SOA) principles. As the de facto standard for business applications, web service has become one hot research topic in both academic and industrial domains [1] . Technically, web service is an autonomous software system that could be advertised, located, and accessed through messages encoded according to XML-based standards (e.g., SOAP, WSDL, and UDDI) [2] . Generally, a web service could be advertised by a service provider, in terms of both functionality and QoS (quality of service, QoS) aspects. As there are so many services that share similar functionality but differ in QoS aspects [1, 3] , it is important to select an optimal service from the multiple functional qualified ones, based on their QoS performances.
The popularity of web service makes it convenient to realize a cross-organizational collaboration, where multiple organizations are involved in selecting an optimal web service [4] . However, the cross-organizational service selection is still confronted with several challenges. First, for a candidate service, the evaluation scores for various quality criteria are usually expressed with different types. Namely, for some objective quality criteria, e.g., price, the evaluation score is denoted by crisp number (e.g., the price for invoking a web service is $5), which is fixed and independent with the involved organizations; for some objective quality criteria, e.g., execution duration, the evaluation score is usually depicted by a value range (e.g., the execution duration of a web service is [10s, 20s]), as the concrete execution result is highly dependent on the service execution environment (including server workload, network bandwidth, and so on); while for certain subjective quality criteria, it is unsuitable to express them with crisp number or value range, as they are fuzzy and interrelated with the preferences of the involved organizations. In this situation, the linguistic terms provide a good alternative to measure the fuzzy and subjective scores [5] . For example, for quality criterion credibility, the evaluation score of an involved organization may be "good". Second, different evaluation granularities for linguistic terms are present in certain cross-organizational service selection situations. For example, organization A may give its evaluation score using a linguistic term set with three terms (e.g., 1: bad, 2: normal, 3: good); while another organization B may prefer a linguistic term set with five terms (e.g., 1: very bad, 2: bad, 3: normal, 4: good, 5: very good). Thus for organizations A and B, the evaluation granularities of linguistic terms are different, which hampers the unified service evaluation in cross-organizational service selection.
In view of these two challenges introduced previously, in this paper, a comprehensive evaluation method named CRML is proposed for cross-organizational service selection.
The remainder of the paper is organized as follows. In Section , some preliminary knowledge is introduced, for cross-organizational service selection with various evaluation scores. A comprehensive evaluation method for cross-organizational service selection, named CRML, is proposed in Section . In Section , a case study is held to validate the feasibility of our proposal. Our proposed method is evaluated in Section , and in Section we summarize the paper and point out our future research directions.
II. PRELIMINARY KNOWLEDGE OF CROSS-ORGANIZATIONAL SERVICE SELECTION WITH VARIOUS EVALUATION SCORES
For clarifying our method, some preliminary knowledge is introduced in this section, for a cross-organizational service selection with various evaluation scores. Firstly, the trapezoidal fuzzy number is introduced, which plays a key role in our proposed comprehensive evaluation method. Besides, some basic concepts are also listed.
A. Trapezoidal fuzzy number
Trapezoidal fuzzy number is the most widely used fuzzy number, and it is usually represented by a four-tuple d =(d
B. Basic concepts
Some basic concepts recruited in cross-organizational service selection are listed as below. For example, if organization org 1 makes its evaluation scores with "very bad", "bad", "normal", "good" and "very good", then the linguistic term set employed by org 1 is
s , 3 1 s , 4 1 s }={very bad, bad, normal, good, very good} and cardinality H 1 =h 1 +1=5.
5. With the above concepts, we can formalize the crossorganizational service selection process in more detail, where each criterion in set C will be evaluated by the multiple involved organizations in set Org, and the subjective evaluation scores may take the linguistic terms in set S. The final objective of cross-organizational service selection is to find an optimal service from set WS, based on the different weight values of QoS criteria depicted in set W. In the next section, a comprehensive evaluation method named CRML will be introduced to realize the crossorganizational service selection.
III. A COMPREHENSIVE SERVICE EVALUATION METHOD: CRML
In this section, a comprehensive service evaluation method, i.e., CRML is proposed to realize the crossorganizational service selection. The main theory behind our proposed CRML is: firstly, the different types of evaluation scores are unified into the form of trapezoidal fuzzy number; secondly, a fuzzy TOPSIS method is utilized to evaluate and rank all the candidate services; finally, an optimal service is returned as the result of cross-organizational service selection. For each candidate service ws k ∈WS (1≤k≤l), its evaluation process consists of the following five steps. Figure 1 . A trapezoidal fuzzy number d
Step1: For each QoS criterion cc j ∈ CC (1≤j≤m 1 ), transform its evaluation score of crisp number into trapezoidal fuzzy number. Step2: For each QoS criterion cr j ∈ CR (1≤j≤m 2 ), transform its evaluation score of range into trapezoidal fuzzy number. Step3: For each QoS criterion cl j ∈ CL (1≤j≤m 3 ), transform its evaluation score of linguistic term in set S (evaluation granularities may be different) into trapezoidal fuzzy number. Step4: According to the weight set W and the evaluation scores from elements in Org, construct the weighted evaluation matrix of trapezoidal fuzzy number. Step5: Construct the positive-ideal solution (PIS) and negative-ideal solution (NIS), calculate the integrated score of service ws k based on TOPSIS method. Finally, a service with the largest score is returned.
(1) Step1: Transform the evaluation score of crisp number into trapezoidal fuzzy number. In this step, the evaluation scores with respect to an identical crisp criterion would be normalized and transformed into trapezoidal fuzzy number.
For negative criterion, the smaller the better; while for positive criterion, the larger the better. So normalization is necessary. Let ws k .cc j denote the criterion value over cc j ∈ CC of ws k , then according to [2] 
For negative criterion cc j ,
max WS cc ws cc max WS cc min WS cc max WS cc min WS cc CC
Where As the evaluation scores of linguistic terms are fuzzy and qualitative, so it is difficult to make a precise judgment and selection. So in this step, the fuzzy linguistic terms are quantified into concrete value, by employing the trapezoidal fuzzy number. Although the defuzzification process may lose partial precision, it is of positive significance for quantitative service selection, especially when the evaluation granularities of linguistic terms are various.
For the linguistic term set S i ={ After the previous three steps, the involved organizations have made their respective evaluation score, with respect to each QoS criterion of each candidate service. Namely, an evaluation matrix F k is derived for each service ws k ∈WS as follows: The main idea behind TOPSIS method is: the optimal candidate should have the least distance from the most ideal solution (i.e., positive ideal solution, PIS), and have the largest distance from the most unideal solution (i.e., negative ideal solution, NIS) [9] . So in this step, we firstly clarify the PIS and NIS in our proposed method.
--C crisp . For any cc j ∈C crisp , the criterion value of service ws k over cc j has been normalized to range [0, 1] as introduced in Step1, and the larger, the better. So in PIS, the criterion value over cc j is 1 (corresponding trapezoidal fuzzy number is (1,1,1,1) ); while in NIS, 0 (corresponding trapezoidal fuzzy number is (0,0,0,0)).
--C range . For any positive cr j ∈C range , according to (4), the trapezoidal fuzzy numbers over criterion cr j in PIS and NIS are 
respectively.
--C linguistic . Since the fuzzy linguistic terms are transformed into trapezoidal fuzzy number in Step3, so for any cl j ∈C linguistic , , the trapezoidal fuzzy numbers over cl j in PIS and NIS are (1, 1, 1, 1) and (0, 0, 0, 0) respectively.
Given two trapezoidal fuzzy numbers 1 d =(
Thus according to (8) 
For each candidate service ws k ∈WS (1≤k≤l), calculate its integrated score score k based on (9), and finally, the service with the highest score is regarded as the optimal one.
IV. CASE STUDY
In this section, a case study is held to validate the feasibility of our proposed CRML evaluation method. Assume there are three candidates: s 1 , s 2 and s 3 for service selection and each with four QoS criteria: price (negative, crisp number), execution duration (negative, range), throughput (positive, range) and credibility (linguistic term). The weights for criteria are W={0.4, 0.3, 0.2, 0.1}. org 1 and org 2 are involved in the cross-organizational service selection. The linguistic terms employed by org 1 are {bad, normal, good}, while linguistic terms for org 2 are {very bad, bad, normal, good, very good}. The concrete evaluation details are listed in TABLE Ⅱ.
The final purpose is to evaluate and rank the three candidate services s 1~ s 3 , and select an optimal one. Next, we will introduce how to employ our proposed CRML method for evaluation, step by step as introduced in Section .
Step1. For negative criterion price, the maximal and minimal values over price are 12 and 9 respectively. So according to (3), the criterion values over price of s 1~ s 3 are normalized to 1/3, 0 and 1 respectively. And the corresponding trapezoidal fuzzy numbers are (1/3, 1/3, 1/3, 1/3), (0, 0, 0, 0) and (1, 1, 1, 1 ).
Step2. For negative criterion execution duration, the maximal and minimal lower limits are 10 and 5 respectively, Literature [4] focuses on the cross-organizational service selection process and brings forth an AHP-based B2B service evaluation and selection method. The qualitative user evaluations are transformed into quantitative scores in the paper, by employing the Analytical Hierarchy Process model, which is based on the pair-wise comparison among different involved organizations. The various score types in service evaluation and selection are specified in [5] . In [5] , three evaluation score types are inferred: crisp number, range and fuzzy linguistic terms, where the fuzzy linguistic terms are suggested to be transformed into triangular fuzzy number. By utilizing the triangular fuzzy number, the fuzzy evaluation scores are quantified into concrete value, which facilitates the quantitative service evaluation. The multigranularity linguistic terms in cross-organizational selection are introduced in [8] , where the trapezoidal fuzzy number is employed to unify the different evaluation granularities. In this paper, both the various evaluation score types and the multi-granularity linguistic terms are taken into consideration, for cross-organizational service selection. Firstly, the various score types, as well as the multigranularity linguistic terms, are all normalized and transformed into trapezoidal fuzzy number. Secondly, the classic TOPSIS method is employed to calculate the integrated score of each candidate service. Thus all the candidate services could be evaluated and ranked according to the integrated scores. And finally, the service with the highest integrated score is regarded as the optimal one for cross-organizational service selection. The provided case study shows the concrete steps of CRML, and demonstrates the feasibility of CRML in dealing with the crossorganizational service selection problem. According to the time complexity, CRML is still acceptable when the number of involved organizations or candidate services or QoS criteria is large.
C. Further Discussion
In our proposed CRML method, various evaluation types from the involved organizations are unified into trapezoidal fuzzy numbers. And then each candidate service is evaluated by employing the classic TOPSIS method. The case study demonstrates the feasibility of CRML in dealing with the cross-organizational service selection.
In this paper, however, there still exist some limitations. First, the weight information from different organizations is same, which may be improved by introducing different weights. Second, the evaluation score with linguistic terms may be uncertain (e.g., an organization cannot decide whether the credibility of a service is "good" or "very good"), which is not discussed in this paper. We will study these more complicated situations as a future work.
VI. CONCLUSIONS
In this paper, a comprehensive service evaluation method, named CRML, is presented to deal with the crossorganizational service selection problems. First, the various evaluation score types, as well as the multi-granularity linguistic terms, are transformed into trapezoidal fuzzy numbers. Second, a classic TOPSIS method is employed to evaluate and rank all the candidate services. Through a case study, we also demonstrate the feasibility of CRML in dealing with the cross-organizational service selection problems. This comprehensive method could also be helpful for solving the service selection problems with uncertain scores, which will be studied as a future research topic.
